The toxicity and adverse effects of crude oil pollution entail a quick clean-up using available competent technologies such as bioremediation. One factor affecting the bioremediation of crude oil is the presence of stressors such as heavy metals that halt the biodegradative potentials of the indigenous microbiota resulting in prolonged bioremediation and the accumulation of toxic hydrocarbons in the environment. Thus, it was considered sensible to investigate the potentials of the indigenous microbiota to resist the inhibitory effects of heavy metals (Al, Cd, Co, Hg and Ni) in soil. For this purpose, the tolerance of crude oil-degrading bacteria isolated from three different soils to heavy metals was investigated. Results demonstrated that bacteria isolated from the old crude oil-contaminated site and the recently heavy metal-contaminated construction sites that harbored high concentrations of heavy metals showed significantly (P0.05) higher tolerance to heavy metals compared to those isolated from pristine soil. Furthermore, longer co-existence of bacteria with heavy metals resulted in higher bacterial potentials to tolerate the inhibitory effects of heavy metals where the majority of the isolates exhibited multiple resistances to heavy metals especially to Co and Ni. However, all heavy metals tested, in particular, Hg, Co and Ni showed lethal effects at elevated concentrations.
Introduction
Pollution of soil environment has become a serious problem in many countries; heavy metals (HM) and crude oil are two of the most abundant and potentially harmful pollutants [1] . They are frequently found together as co-contaminants in soils [2] . Heavy metals occur in crude oil partly as organo-metallic compounds [3] . Beside their natural occurrence, they may enter the ecological environment through anthropogenic activities [1] . These pollutants affect the activity of soil enzymes, which can be used to evaluate the soil microbial properties [2] , such as Dehydrogenase and urease [1] . A variety of technologies are currently available to treat soil contaminated with hazardous materials [4] . However, bioremediation is the process whereby organic wastes are biologically degraded under controlled conditions to an innocuous state, or to levels below concentration limits [5] . Crude oil and heavy metals are often inhibitory to bioremediative processes [6] . Microorganisms including bacteria are the chief agents for the biodegradation of molecule of environmental concern [4] . Metals may inhibit pollutant biodegradation through interaction with enzymes directly involved in biodegradation or through interaction with enzymes involved in general metabolism [7] . Some bacteria sense the presence of toxic compounds and produce proteins that either convert the toxic compounds into non-harmful products, or extrude them out of the cell through methods such as extracellular precipitation, sequestration by cell envelops, intracellular accumulation, redux transformations, and membrane efflux system. Since certain metals are essential micronutrients, bacteria must adjust their resistance mechanisms to maintain appropriate levels of such compounds [8] . Bacteria which survive in such environments have developed or acquired genetic systems that counteract the effects of high metal ion concentrations [9] . Therefore, the current study was achieved to investigate the potential of the indigenous crude oil-degrading microbiota to resist the inhibitory effects of the heavy metals (Al, Cd, Co, Hg, and Ni) in soil.
Materials and methods

Collection of soil samples
Crude oil contaminated and uncontaminated soils were collected from AlAhmadi north of Kuwait, while the garden soil was collected from Kuwait University garden. Six samples of surface soils (10cm) were collected in sterile plastic containers, kept at 4°C and transported immediately to the lab for analyses. Soil samples were sieved (2mm) and stored for two weeks at 4°C for stabilization [10] .
Determination of heavy metals concentration in soils
The method of Rowell [11] was employed for the determination of the total metal content in soil. This method consists of acid digestion of soil samples followed by analysis of the digest by flame atomic absorption spectrometer (FAAS).
Isolation and molecular identification of the isolated crude oil-degrading bacteria
Soil samples were sieved and (10 grams) were suspended in 40 ml distilled water and kept overnight. Aliquots (0.1 ml) of clear supernatant of soil suspension, indirect and its dilutions (10 -1 -10 -4 ) were spread on minimal media plates containing droplets of crude oil which are then incubated at 30°C for up to 24 hours, and the grown crude oil-degrading bacterial colonies (CODB) were isolated [12] . Bacterial genomic DNA was extracted, purified, quantified and used for the amplification of the 16S rDNA gene, followed by DNA sequencing and Sequencing Analysis v5.2 Software (Applied Bisystem, USA) was used to analyze the sequences that were compared to other sequences in the GeneBank database using BLAST [13] .
Effect of heavy metals on the growth of isolated bacteria
The potential inhibitory effects of heavy metals (aluminum, cadmium, cobalt, mercury and nickel) on the growth of crude oil degrading bacteria were determined using the agar well diffusion method and optical density measurements.
Agar well diffusion method
The method of Lertcanawanichakul and Sawangnop [14] was adopted. Stocked bacterial cultures were streaked on NA plates and incubated at 30°C for 24 hours. Grown bacterial cultures were transferred into sterile 15 ml Falcon tubes containing sterile 0.85% NaCl solution followed by adjusting the number of bacterial cells to 1.2 x 10 9 cells -1 ml using McFarland No. 0.5 as a standard solution. Then, aliquots (100 µl) of the prepared bacterial suspension were spread on the surface of NA plates, spread evenly and left for 30 min at room temperature. Then, wells (10 mm in diameter) were punched using sterile stainless steel cork borer. Prepared metal (Al, 50 mg -1 ml; Cd, 50 mg -1 ml; Co, 10 mg -1 ml; Hg, 10 mg -1 ml; Ni, 50 mg -1 ml) solutions were directly filled (50 µl) into the wells, plates incubated at 30°C for 24 hours and the diameter of the inhibition zones were measured in millimeters [14] 
Optical density measurements of bacterial growth
Prepared bacterial suspensions used for the well diffusion method mentioned previously were used simultaneously for the optical density measurement method. For this purpose, bacterial suspension (50µl), sterile nutrient broth (50µl) and different concentrations of metal solutions (300 µl) were transferred to 100-well Honeycomb plates. Then, plates were incubated shaking at 30°C for 24 hours in automated optical density reader (600 nm). Determined optical density values were plotted against time followed by calculation of bacterial growth rates. Bacterial growth rates were used to determine the minimum inhibitory concentrations (MIC) for tested metals. MIC values were defined as the lowest concentration of tested metals that inhibited the growth of bacteria after 24 hours of incubation. 
Results
Heavy metal content in soils
The concentrations of heavy metals in the crude oil-contaminated and construction sites were significantly higher than those in the pristine soil ( Table 1 ). The highest concentration of metals was recorded for Ni followed by that of Co while the lowest concentration determined was that of Cd and Hg (Table 1) . Also, the construction site harboured the highest concentrations of metals detected. 
Identification of the isolated bacteria
A total of 76 crude oil-degrading bacteria were isolated from all soils. Isolated bacteria were identified by sequencing of the 16S rDNA gene. Four different bacteria genera were identified in the pristine soil compared to two genera identified in the crude oil-contaminated and the construction sites (Table 2) . 
Effect of heavy metals on the growth of isolated bacteria
Agar well diffusion method
Bacterial tolerance to heavy metals was divided into three ranges based on the size of inhibition zone that is formed due to the reaction of the tested bacteria with heavy metals. Results showed that mercury exerted the highest toxic inhibitory effect on the growth of tested bacteria compared to other metals. On the other hand, aluminum showed the least toxic inhibitory effect (Table 3) . Table 3 :
Effects of heavy metals on the growth of crude oil-degrading bacteria.
Optical density measurements of bacterial growth
Bacterial growth rates were calculated and used to determine the minimum inhibitory concentrations (MIC) for tested metals (Tables 4, 5 and 6). Results showed that, the highest toxicity on tested bacteria was exerted by mercury. On the contrary, aluminium demonstrated to be the least toxic metal tested. Moreover, it was observed that the different bacteria showed different levels of heavy metal resistance expressed as different MIC values. Also, some bacteria demonstrated the potential to resist the high concentrations of different metals (Table 7) . In fact, the bacteria ability to resist four, three, two and a single heavy metals is shown (Table 7 ). The minimum inhibitory concentrations (MIC) of heavy metals for the crude oil-degrading bacteria isolated from pristine soil. 
MIC
Discussion
Higher concentrations of heavy metals in crude oil-contaminated and construction site soils were determined compared to those in the pristine soil ( Table 1 ). The sources of these metals could be the crude oil contaminated and the spilled materials used during construction work [1, 2, 4, 15] . In addition, diverse bacterial populations at the genus level were found in the pristine soil compared to other soils ( Table 2 ). The lower bacterial diversity in the contaminated soils could be due the presence of stressors such as high metal and crude oil that are known to reduce bacteria diversity [16] . Also, the inhibition of bacterial growth by high concentrations of heavy metals was expected because it is documented that all metals demonstrate toxicity to living cells at certain concentration [7] . The highest toxicities demonstrated in all soil types were shown by mercury and cadmium, which usually needed, if at all, in very low concentrations thus it was expected for these metals to demonstrate higher toxicity than other metals [7, 17] .
Conclusions
Data analysis showed that the higher bacterial potential to tolerate heavy metals in the contaminated soils compared to the pristine soil could indicate that bacteria have the potential to develop resistance to stressors such as heavy metals found in their immediate environment. Also, the potential of crude oil-degrading bacteria to resist various concentrations of heavy metals indicated the effectiveness of the indigenous bacteria to utilize crude oil contamination in the presence of heavy metals leading to successful crude oil bioremediation. Thus, it can be concluded that no efforts are need to remediate heavy metals in the crude oil contaminated sites. However, successful biological treatment of contaminated soils is challenging due to factors such as heterogeneity of the contaminants, extreme concentrations of hydrocarbons, variable site conditions and the influence of regulatory constrains in bioremediation process. In addition, crude oil-degrading bacteria were detected in contamination-free soils which showed that, the hydrocarbon degradation trait in bacteria is common among bacteria in different soils.
